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Abstract: This paper describes the development of an experimental
dc drive trainer for speed control of dc motor drive. A firing scheme
based on a microcontroller to control connected single phase
thyristor converter and is also controlled using computer interfacing
using Hyperterminal software is presented. The dc motor drive
consists of a 5 h.p. separately excited dc motor. This trainer is used
by the students in the electric drives laboratory to control the speed
of dc motor under different load conditions and understand the
working of motor in all four quadrants. The control strategy used is
as simple as possible that helps even the naive users to understand
basic four quadrant operation. Experimental results show that the
proposed scheme gives good dynamic and static performance for the
speed control systems and practical knowledge for the students.

Index Terms: Microcontroller, ZCD, SCRs, Pulse-Transformer,
D.C. motor,current sensor, Hyperterminal.

1. INTRODUCTION

In order to create the undergraduate engineeringStudents,
natural interest on computer control it has been thought to
develop a variable speed dc motor drive system using
microcontroller based controller at S.G.S.I.T.S, Indore. This is
done by presenting the state of art and current technology such
as application of computers and power electronics for data
acquisition and control of electric machinery. Some
universities have also, introduced application of these devices
in their electric machinery laboratory to make the experiments
up to date and more efficient. i.e. [1-10].

The objective of this paper is to explore the approach of
designing and developing a microcontroller based trainer for
speed control of dc motor in order to keep better flexibility
and versatility at S.G.S.I.T.S., Indore. This has been done with
a view that Students can perform a variety of experiments in
order toreplenish their knowledge on thyristor drives, software
programming and to test few aspects of modern control theory
which they study in their course curriculum.

2. SCHEME DESCRIPTION

The simple block diagram of the system is shown in fig. 1
below. Fig. illustrates the basic blocks of the drive and how
they interact.
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Fig. 1: System block diagram

In proposed scheme, a single phase converter used for four
quadrant operation of the D.C. motor. When two thyristors of
a particular group conduct simultaneously, then the load
current flows.A microcontroller is used for the firing angle
control of the dual converter. The thyristor of the converter in
conduction should receive the firing pulses for either modes of
continuous and discontinuous operation. Two thyristors should
receive the pulses at a time.The firing signal contains several
pulses. The firing pulses so obtained turn the thyristor ON
reliably. Through the matrix keypad, the instructions are given
by the user to the microcontroller, where the information is
processes. The conduction of the positive group converter or
negative group converter is decided from the above
information and accordingly firing pulses are given to either
positive group converter or negative group converter. The
microcontroller also displaying information about firing angle
and direction ofrotation of the d.c. motor. The zero cross-over
of the supply voltage is detected by the Zero cross over
detector using same supply voltage used for the incoming
supply for the dual converter. The firing delay angle is
calculated with the help of this zero cross over detector.
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3. DRIVE SYSTEM

The motor drive system incorporated the following features:
1. A Thyristor drive System
2. A Pulse Generation System

3.1 Thyristor Drive System

The thyristor drive system is developed to perform the

following tasks:-

i. To impress a variable dc voltage across the armature of a 5 H.P.,
230V, 1500 R.P.M. dc motor from a 230V, 50Hz, single phase
supply through an isolation transformer and a dual converter
consisting of two anti-parallel connected full wave bridge
rectifiers.(see fig-3).

ii. The motor field is separately excited from the same ac source
through a uncontrolled full wave bridge rectifier at a value of
field current that will support over load armature current at rated
speed without thyristor misfiring.

iii.  Electrical isolation is maintained between the thyristor gates and
the microcontroller with the help of a pulse transformer.

3.2 Pulse Generation system

The functions performed by pulse generation system are as
follows:

i. The gate pulse circuit produces gate pulses to trigger the
thyristors in power converters circuit. These pulses are
qualified in magnitude, waveform and sequence to ensure
a proper and reliable operation.

ii. The gate firing circuit accepts firing control signals from
micro—controller through a connector.

iii. These control signals determines the sequences of gate
pulses.

iv. The gate pulses are sent to the thyristor drive system
through the pulse transformers.(Fig 2)

4. MICROCONTROLLER BASED DIGITAL

CONTROLLER

These part of trainer unit uses a master microcontroller

(AT89C8051), a slave microcontroller (AT89C4051) in

conjunction with interactive displaycontrol facilities. (See fig-

4). These controllers would perform the following tasks by

programming;:-

i. The operator should have the facilities to set the firing
angle through the matrix key board from low values to
higher values up to the maximum limit in close steps.

ii. The function of slave micro - controller is to overcome
the slow information processing of the master
microcontroller.

iii. For the synchronizing purpose a frequency counter is
used to measure the frequency of the input signal.

iv. The ZCD produces a pulse at each zero crossing of the ac
input signal. These pulses reset the master micro
controller and initialize the firing delay calculation.

v. An LCD display with matrix keypad is used to display the
firing angle and direction of rotation of motor i.e.
clockwise or anticlockwise.

To perform the aforesaid tasks a complete computer system on

a single printed circuit board with the following features was

used:-

e 8-bit microcontroller with 4K bytes
programmable and erasable read-only memory.

e  Monitor has basic software to aid the user toload, verify,
execute and debug his programs.

e Highly reliable 16 keys key-pad and 7 segments LCD
display.

e Low power quad operational amplifier LM324.
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Fig. 4: Controller Circuit Diagram

5. SOFTWARE ALGORITHM

Different control strategies have been given previously [6],[7].
In the presented trainer unit ATMEL’s AT89C51 single chip
microcontroller is used to implement the direct digital control
for the thyristor drive system. The functions of controller can
be divided as initialization, control & pulse generation and
display. In the initialization function the program is initialized
and tests are made for proper operating conditions. These
signals are used to monitor the system. In the control & pulse
generation function the input data of the inner and outer loops
are processed to determine the interrupt level and to control
the output current respectively. In the interrupt routine, which
converter (positive converter or negative converter) will be
turned on/off are selected. The firing pulses for the pairs of
thyristor of selected converter are generated by the interrupt
routine. As this, trainer unit is designed to operate in non-
circulating mode of operation of dual converter, therefore a
delay of 20 ms is provided for selection of another converter.
The display function has a loop structure in which the firing
angle for converters is calculated and displayed on the LCD
display system.
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Fig. 5: Flow Chart for Control Scheme

(" end

Advanced Research in Electrical and Electronic Engineering (AREEE)
Print ISSN: 2349-5804; Online ISSN: 2349-5812 Volume 2, Number 1 October-December (2014)



22

Shilpa Patel, Amit Omer and Rakesh Saxena

The students can also see the direction of rotation of the motor
and the frequency of input supply from the display function.

The program can be interrupted by the user at any time to
change the reference speed. This is done by using increment or
decrement key on the matrix keyboard which is programmed
to cause a go to statement. This command will interrupt the
existing software operation loop and will return the flow point
in the flow chart where new desired speed is requested for the
motor (see fig 5). The program will then continue as explained
to adjust the motor speed to its new desired value. These
preprogrammed, but user made just allow the program
flexibility which is a feature of this interactive system.

6. EXPERIMENTAL RESULTS

A 5 H.P. separately excited dc motor (230 V, 1 A, 1500 rpm) is
driven by the anti-parallel connected single phase thyristor
dual converter described above. The complete experimental
setup is shown in fig. 6. This setup has an interfacing with
computer using Hyperterminal software. This software
provides an advantage to control DC motor from far positions
and it can be used as Data Acquisition System.The waveforms
of armature voltage at various firing angles like 30°, 60°. 90°,
120° etc. are recorded by a storage oscilloscope. The
microcontroller is programmed to provide a sequence of firing
angles. Fig. 7 shows the waveforms of output voltage under
various firing conditions. These waveforms are obtained in
non-circulating mode of operation.

Fig. 6 Complete setup of Hardware
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7. CONCLUSION

The microcontroller based dc motor speed control system was
achieved in a manner understandable to the junior electrical
engineering students without background in control theory.
The trainer integrates a digital controller and a drive system
for explaining the operation. Experience of the electrical
engineering juniors with the system has been very good and
has stimulated considerable interest among them in the
application of power electronic circuitry and computers in
control of electric machinery. Clearly, addition of such
instrumentation and control units to the drives laboratories and
emphasizing the application of these devices in today’s
industry will help in better presenting the serious and
challenging image of electric machines and their applications
to the students.
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